Abstract
Introduction Background/Rationale rates-a prominent paediatric health care denominator-dropped to less than half [17, 18] . This triad of violence, imploded healthcare, and reduction in immunisation coverage provides suitable conditions for re-emergence and outbreaks of infectious diseases that were formerly under control. Hepatitis, measles, leishmaniasis, multi-drug-resistant tuberculosis, typhoid and even polio-which had not been seen in the Middle East for 20 years-are now spreading across the land and into neighbouring and other countries [2] . It is expected that following violence and resettlement to new environments, one in four victimized children will suffer from physical, and two-thirds from mental health problems severe enough to affect their life [19] [20] [21] .
Global health literature covering the Syrian situation is scarce, and did not yet deliver sufficient epidemiologic data to provide a comprehensive and complete overview [1, 2, 4, 6, 8, 11, 17, [22] [23] [24] [25] [26] . Some studies discussed the health problems of Syrian refugees in neighbouring countries, or asylum seekers in European countries, but they vary widely in methodology and points of interest, and most are expert opinions or undocumented statements [7, 16, 19, [27] [28] [29] [30] [31] [32] [33] . Some grey reports discuss the burden of mortality and morbidity, but also lack to document specific diagnoses. Under-researched areas are infectious disease control, surveillance of displaced populations, non-communicable disease, and specifically the health of Syrian children [34, 35] .
A prerequisite to adopting any evidence-based approach in humanitarian assistance is to assemble solid evidence from results of empirical studies [36] . Collecting reliable data will always be difficult in crisis situations, as healthcare providers prioritise treating patients over documenting and control groups are usually not available [2, 30, 35] .
Objectives
The objectives of this study are to document diagnoses, disease categories, and comorbidities in Syrian children after four years of conflict, and to document infectious diseases and injuries in a vulnerable paediatric population.
Materials and methods

Study design
A prospectively designed cross sectional observational sample analysis was performed on medical records, obtained and collected by Qatar Red Crescent (QRC) on May 21st and 22nd 2015, four years after the start of the civil war. The study protocol was approved by the Ethical Committee of the Universitair Ziekenhuis Brussel, Belgium. (O.G. 016): approval number B.U.N. 143201524794. A data sharing and research collaboration agreement was signed between QRC and the researchers. Qatar Red Crescent obtained permits to perform medical work in Syria in 2011, and approval to collect medical data as necessary for scientific studies, conducted in compliance with the relevant international regulations and laws.
Setting
QRC is active in all seven Northern Syrian governorates with 173 healthcare professionals, largely experienced in independent monitoring of polio immunisation campaigns and sampled cluster household surveys. Since 2011 QRC runs several humanitarian relief projects in accordance with the United Nations High Commissioner for Refugees (UNHCR) supporting displaced people with basic needs like drinking water, sanitation and healthcare, as well inside as around the Syrian borders. This study was conducted in the context of the ninth polio immunisation campaign by QRC. Before the start of the study, a data sheet (available in English and Arabic) was designed focusing on demographic and health data of children. A group of 30 data collectors was selected by QRC/WHO experts and received a training course provided by the research group of this study, explaining the concept, methodology, process, and forms of the study, as well as how to debrief victims and how to deal with difficult humanitarian issues. The data collectors then visited households at home and in IDP camps in the Northern Syrian governorates of Aleppo, Idleb, Hamah and Lattakia. The data sheets were pooled and sent to the QRC office in Gaziantep, Turkey.
Participants
For each immunisation campaign, QRC visits households, temporary shelters, and small local health centres within geographically predefined clusters (governorate districts) used in former campaigns in the four Northern governorates. In order to meet the predefined target total number of 1080 children, within each visited district a simple random sample of Syrian children was selected in the context of the ninth QRC polio immunisation campaign. Every child younger than 15 years old was eligible for inclusion. If the child was too young to answer some of the questions, these were answered by the guardian of the child. In accordance with the Ethical Committee of the Universitair Ziekenhuis Brussel, Belgium, oral informed consent from the child and the guardian was obtained and documented before the interview and medical exam. There has been no other filtering or restriction in selection of samples for this study.
Variables
By means of a prospectively designed medical data sheet (see S1 File), the data collectors registered the child's age, gender, habitat details regarding displacement, water and sanitation, access to health care, and the child's medical record: clinical nutrition state, vaccination state, up to four medical acute diagnoses, comorbidities and malnutrition-or infection-related diseases. Diagnoses were based on anamnesis and physical examination as the QRC team had little access to laboratory or imaging diagnostic capability. One primary and all secondary diagnoses were recorded according to a list of 41 possible diagnoses in a template used in previous humanitarian operations by a number of large governmental and non-governmental organisations, and which was adapted from case descriptions in the WHO "Communicable disease control in emergencies" field manual and the Sphere Project Handbook [30, [37] [38] [39] . Diagnoses were categorised beforehand according to the International Classification of Diseases (ICD-10) [40] . All patients with clinical signs of local or generalised infection were classified in a subgroup of "infectious diseases", as diagnosed clinically (see Table 1 , case descriptions marked with Ã ). All data were anonymised according to the Helsinki Declaration [41] . The collected records were scanned and analysed by qualified auditors to remove incomplete forms. The data were compiled into an interface especially designed for this study by the QRC data entry team, which included a data entry manager, an auditor, and analysts. Finally, the dataset was sent to the researchers and once more revised.
Statistical methods
Children with missing or unreadable data were excluded. Descriptive statistics for discrete outcome variables were presented as frequencies and proportions (n; %), and for quantitative variables (age, number of children) as median, range, and interquartile range (IQR). The analyses were broken down for age (<5 and !5years old) and region (4 governorates).
Pearson's chi-square test was performed to identify factors associated with the health problems by using 'infectious disease' and 'injury' as outcome variables, and by using origin (governorate), age category (<5 and !5years old), and gender as associated factors. Crude Odds Ratios were adjusted using multiple logistic regression analysis. Overall goodness of fit was evaluated using a likelihood ratio-test and the Hosmer-Lemeshow test. Model quality was evaluated using the Nagelkerke's R 2 . Analyses were carried out by using SPSS v23.0 (IBM Corp, Armonk, NY). All tests were performed using an α-level of 0.05.
Results
Descriptive data
A total of 1002 children were included in the study. For some of the descriptive data the number of participants differs from the total included population, depending on availability of information or on relevance: for vaccination state only infants over the age of the first vaccination, and for access to education only school-aged children (!6 years old) were considered.
The included children were recruited in Aleppo (n = 413; 41%), Idleb (n = 360; 36%), Hamah (n = 147; 15%) and Lattakia (n = 82; 8%). More than half were male (n = 612; 61%), females accounted for 39% (n = 390). Median age was six years old (range 0-15; IQR 3-11). Children younger than five accounted for 40% (n = 398), children older than five for 59% (n = 596). The exact age was missing for seven children. Almost 20% (n = 196) of all children were displaced to IDP camps at the time of the study. This was more often the case in Lattakia (n = 38/82; 46%) and Hamah (n = 49/147; 33%), than in Aleppo (n = 61/413; 15%) and Idleb (n = 48/360; 14%). Additionally, 52 (6%) were displaced to constructions or homes, other than their own house. Of 13% (n = 132) one or both parents were deceased or missing. More than half of all school-aged children (n = 451/883;51%) had no access to education. Children lacked access to safe drinking water sources in 8% (n = 80), to appropriate sanitation facilities in 14% (n = 135), to regular nutrition in 15% (n = 147), and to paediatric healthcare providers in 63% (n = 632). Immunisation state was inadequate in 30% (n = 298/985), with missing immunisations for measles (n = 126;12%), hepatitis B (n = 99;10%), tetanus/pertussis/diphtheria (n = 96;10%), polio (n = 78;8%), and/or tuberculosis (n = 77;8%).
Outcome data
As represented in Fig 1 and Table 1 , the most common single primary diagnoses consisted of upper (14%) and lower (9%) respiratory tract infections, watery diarrhea (8%), suspected meningitis (7%), acute asthma (6%), convulsions (6%), and acute flaccid paralysis (6%). Thirtyseven children (4%) were injured, of whom seven (1%) had been victim of intentional violence: four had lesions of chemical attacks (0.4%). Two children died during the time of the study.
Regarding secondary supplementary diagnoses at the time of the study, another 122 children suffered from upper respiratory infections (9%), diseases related to malnutrition (8%), clinical anaemia (5%), lower respiratory infections (4%), watery (3%) or bloody diarrhea (3%), eye infections (3%), and acute asthma crises (3%). In addition to the 37 children with injury as primary diagnosis, 27 (3%) children had injuries as secondary diagnosis, including lesions originating from chemical attacks (n = 15 or 2%). An additional 52 (5%) had mental health disorders as secondary diagnosis.
An overview of encountered primary diagnostic ICD-10 categories is given in Fig 2. The most frequent were respiratory (29%), far ahead of neurological (19%) and digestive (17%) diagnoses. More than 4% of children had been victim of violence or injury, and 2% of children suffered from mental problems. Table 2 and S1 Fig illustrate regional differences between governorates. In Aleppo, respiratory diseases (34%), eye problems (6%), and injury (7%) were more common than in other governorates. In Aleppo and Idleb, children suffered proportionally more from digestive diseases (respectively 21% and 19%) than in Hamah or Lattakia (7% and 5%). Physical aggression towards children was reported more often in Lattakia (5%). Neurological disorders were more predominant in Hamah and Lattakia (28% and 29%), and mental disorders were more prominent in Hamah (4%) than in the other regions.
Clinical features of infection were found in 636 of all 1002 children (64%), with an even higher proportion of 70% (n = 280/398) in children younger than five. Tables 3 and 4 indicate that infections were more likely to be present in Aleppo and Idleb, than in Hamah and Lattakia (p<0.0001).
Injury was diagnosed in 37 patients (3.7%), versus 965 non-trauma primary diagnoses (96.5%). Trauma was significantly more present in Aleppo (n = 27/413;7.0%) and Lattakia (n = 6/82;7.3%), and among older children (n = 32/596; 5.4%), than in Idleb (n = 3/360;0.8%) and Hamah (n = 1/147;0.7%), or among children younger than five years old (n = 5/398;1.3%).
Trauma originated most frequently from accidental injury (n = 30; 3%); intentional violence was encountered by seven children (0.7%), all older than five. Only in Lattakia, intentional violent injury was more frequent than accidental trauma (p = 0.004).
The identified factors associated with the children's health problems and injuries ('governorate' and 'age') were then used in a multiple logistic regression analysis, as indicated in Table 4 , revealing that children in Aleppo, and children younger than five have a significantly higher risk for infectious diseases; and that children in Aleppo and Lattakia, and children older than five have a significantly higher risk for injury. The most common pre-existing comorbidities in the children were chronic respiratory diseases (n = 141; 14%) of which half (n = 69) concerned asthma, malnutrition related illness (n = 53; 5%), acute flaccid paralysis (n = 52; 5%), epilepsy (n = 40; 4%), eye diseases (n = 39; 4%), skin problems (n = 28; 3%), and mental disorders (n = 27; 3%).
Children aged under five represented 39.7% of the population (n = 398), with 62% boys (n = 247). Eighty-five (21%) were displaced, 7% (n = 24/369) lacked access to safe drinking water sources, 12% (n = 42/352) lacked access to appropriate sanitation facilities, 61% (n = 236/389) could not access paediatric healthcare providers, and 37% (n = 143/389) had an inadequate immunisation state. The distribution of diagnostic categories indicates that 34% had respiratory diseases (n = 137), 23% digestive disorders (n = 90), 16% neurological disorders (n = 63), and 5/398 (1.3%) suffered from injuries.
Discussion
In May 2015, four years after the start of the civil war, children in Northern Syria mostly suffered from respiratory diseases (29%), neurological disorders (19%) and digestive diseases (17%), while more than 4% of the children had been victim of violence or injury, and 2% of children suffered from mental problems.
The factors known to have an impact on the health of populations in conflict areas also apply to the children in this study: displacement and inadequate shelter, unsanitary living conditions, reduced access to clean water and safe food, insecurity, violence, and collapse of health services. This deterioration in living conditions results in an increased susceptibility to infectious diseases, injuries, malnutrition, exacerbation of non-communicable diseases, skin affections, neurological, and mental disorders [2, 34] .
The pattern and distribution of morbidity and disease resulting from this study can be compared to ranges found in the literature about other adult and paediatric IDP and RC populations originating from Syria, as demonstrated in Table 5 . All of these ranges-except for pregnancy and birth-are proportionally higher than the rates indicated in the Global Burden of Disease rates for Syrian children in 2009 [12] . However, as there are no other studies available reporting on the health state of Syrian children in the last five years, the comparison summarised in this table has to be considered in the light of very different circumstances: most studies do not differentiate children from adults, all studies displayed were performed on Syrian refugees in other countries, and most studies handle different reporting templates or focus on specific diagnoses only, making comparison challenging and creating gaps in the table.
Infectious diseases were present in two-thirds of all children (n = 636), mostly of respiratory, neurological, and digestive origin. This reflects a well-known and earlier reported (Table 5 ) disaster-related threat resulting from the deterioration of living conditions in complex humanitarian emergencies [26, 49] . Next to inadequate shelter and hygiene, these include overcrowding in IDP or refugee camps, facilitating the spread of respiratory infections, measles, food-and waterborne infections with diarrhea or polio-induced acute flaccid paralysis, and other communicable diseases [26, 50] . Considering the documented inadequate immunisation state of Syrian children, this raises major concerns for otherwise preventable infections and epidemics developing among this vulnerable population in Syria and its neighbouring countries [17, 34, 50] . While geopolitical borders can delineate a conflict, they cannot contain the healthcare repercussions. This is demonstrated by the spill over of refugees prone to communicable diseases into Lebanon, Jordan, Iraq, and Turkey and may become a challenge for the herd immunity of all children in the Middle East and European regions now hosting numerous unvaccinated Syrian children [5, 7, 20, [26] [27] [28] [29] [30] [31] 50] .
When taking into account all primary and secondary diagnoses (Fig 1) , the marked occurrence of respiratory diseases with upper and lower respiratory tract infections and asthma among the studied children becomes even more obvious (22%, 13% and 9% respectively). This corresponds with earlier reports from emergency medical teams in different types of natural and man-made disasters [5, 27, 30, 31, 38, 45, 46, 48] . In addition to the aforementioned facilitating factors, the atomisation of rubble dust from destroyed constructions may also play a role, together with interruption of chronic treatment, especially in the occurrence of asthma cases [38] . The important proportion of lower respiratory infections is worrying, as these are among the top five known killers in vulnerable children [51] . Lack of pediatric healthcare and adequate treatment regimens undoubtedly contribute to this burden. Moreover, inappropriate and outdated treatment may introduce drug resistance in the population [49, 52] . Due to limited access to laboratory and X-ray testing, detecting or confirming suspected cases of tuberculosis-entailing substantial morbidity and mortality in children-was not possible in this study. Although increased rates (up to 13/100000) were observed among Syrian refugees in neighbouring countries, Syria was reported to remain a low-incidence country [10, 29] . Another concern is the presence of neurological infections in this study population, with 7.3% of the children featuring signs of meningitis, and 5.7% of acute flaccid paralysis (8% when considering also secondary diagnoses). Although the Middle East had been free of polio since the 1990s, the re-emergence of acute flaccid paralysis since 2013 has been described [25] . The polio immunisation coverage dropped from 91% in 2010 to 68% in 2012, subsequently over 7600 polio infections were reported, and the rise in incidence of acute flaccid paralysis to 4/100.000 children was confirmed in 2014-2015 [2, 22, 25, 35] . Most cases were found in Deir Al-Zor, Aleppo and Idleb, and linked to the wild type poliovirus 1 from Pakistan (introduced by jihadi fighters), now contaminating unchlorinated water, food, and sewage in Syria [22, 23] . The migration of people within and from a re-emerged endemic region carries the risk of spreading polio inside the country, but also to the neighbouring countries and to Europe [18] .
In 2016, several cases of meningitis in Syria were reported to the WHO, most of which were of more benign viral origin. Given the situation, confirmation of bacterial meningitis was difficult for QRC. Aseptic meningitis/encephalitis may represent one of the key symptoms of poliovirus infection. Surveillance for enterovirus-as assurance of polio free status-in immigrants from Northern Syria, yielded 15% of faeces samples positive, 13% of which contained polio virus. The remaining samples were characterized as non-polio enterovirus [53] .
Many diarrhoeal diseases were reported: mostly with watery (8%), but also with bloody stool (2%). Comparable vulnerable populations in conflicts demonstrated risks for typhoid fever and hepatitis A, both of which increased threefold in Syria in the first quarter of 2013 [12, 22, 49] . This is not only because of environmental deterioration, huddling in camps and weakened general health, but also because of failing surveillance, control and response of health systems [49] .
Urinary tract infections (UTIs) have not been studied much in disaster settings or in war thorn areas, although emergence of urinary schistosomiasis has been mentioned [54] . The only available study about the Syrian situation, conducted at university hospitals in Aleppo in 2011, reports higher resistance levels of urinary detected microbiological agents than those reported by studies in neighbouring countries such as Kuwait and Iran. This was contributed to the misuse of third-generation cephalosporins and quinolones at Syrian hospitals and in the community [55] .
Clinical malnutrition was the third most common diagnosis, considered in 13% of all children (4% as primary, and 9% as secondary diagnosis). In a report on Syrian refugees in Jordan, global acute malnutrition was relatively low unlike in most humanitarian emergencies [9] . Although most literature focuses on severe malnutrition, mild-to-moderate malnutrition may also be an underlying cause of death in children in complex emergencies, as it is in non-emergency settings [34] . Micronutrient deficiencies (iron, vitamin A and C, niacin, tryptophan, thiamine, iodine) are common in vulnerable and displaced populations [9, 34] . In our study, clinical anaemia was diagnosed in 9% of the children (4.8% as primary and 4.2% as secondary diagnosis).
Young IDPs are also vulnerable for skin infections, as detected in almost 5% of the children in this study. This is again attributed to poor hygiene, sharing of combs with lice, exposure to parasitic vector-borne diseases like cutaneous leishmaniasis, and huddling in camps with spreading of scabies or air-borne viruses as measles and varicella, but also to a bad nutritional state, and Muslim ritual feet washing without drying [12, 22, 28, 35, 56] . Other skin disorders like xerosis cutis and eczema may be associated with the use of harsh soap, rough clothing, henna dying, and staphylococcal skin infections, but also with psychosomatic factors [56] .
There were regional differences in disease patterns: in Aleppo, respiratory diseases (34%), injury (6%), and eye problems (6%) were proportionally more present than in the other governorates. Hamah children proportionally suffer more from acute mental illness (4%). Violent trauma (5%) and fatalities (1%) were more reported in Lattakia, as was neonatal illness (5%). The proportion of children with signs of infectious diseases was higher in Aleppo (76%) and Idleb (65%), governorates where digestive diagnoses were more common (21 and 19% respectively) than in Hamah or Lattakia (7% and 5%). This may be related to the lack of access to clean drinking water and sanitation in these regions [17] .
Statistical analysis revealed that the risk for children to suffer from communicable diseases was higher in Aleppo (being the region longest under siege and with the highest rate of displacement, and for children younger than five years old as is usually seen in other disaster settings and in displaced populations) [4, 17] . The risk of being injured was higher for children in Aleppo and Lattakia (both in the middle of the international conflict), and children older than five, including also child soldiers and children forcibly involved in adult tasks that put them at risk of being injured [17] .
In this study, the non-trauma diagnoses (96.3%) outnumbered largely the trauma diagnoses (3.7%). This might be due to underreporting since children with physical trauma could not easily access specialized pediatric trauma care centres, which in turn may have led to higher mortality among these victims [1] . The proportion of injured children (6.1% adding primary and secondary diagnoses) is comparable to other reports, and to what is usually found in paediatric refugee populations [5, 11, 12, 27] . Including also secondary diagnoses, 3.9% of the children in this study had accidental injuries and 2.2% suffered violence (0.3%) or had been victim of chemical agents (1.9%).
The proportion of mental disorders (6.9% when adding primary and secondary diagnoses) is lower in our study than observed among other children who experienced war [57, 42] . The mental health of children in complex emergencies and armed conflicts has been studied, and might reach rates of up to 20%, although some reports showed contrarily a low incidence of psychological trauma [34] . A study covering 311 Syrian refugee children in Turkey on the other hand, reports that 79% had experienced the death of a loved one, 60% had been exposed to traumatic events like people being beaten or shot, 45% suffered from PTSD, 22% showed aggression, and 65% suffered from psychosomatic symptoms to a degree that seriously reduced the children's level of functioning [57] . The healthcare providers in this study focused mainly on medical diagnoses, and may have underscored the mental problems of the examined children [2] .
In accordance to earlier reports, children with chronical comorbidities mainly suffered from asthma (7%), and chronic respiratory illnesses (7%) [5, 12, 20, 24, [30] [31] [32] 46, 44] . Five per cent respectively had chronic diseases related to malnutrition, acute flaccid paralysis, epilepsy, eye disorders, and clinical anaemia. Pre-existing psychiatric diseases were present in 3%. Except for epilepsy, most of these illnesses could have been prevented, simply by providing regular and healthy meals, safe drinking water, access to specific paediatric or mother and child medical facilities (lacking for 64% of the children at the time of the study), immunisations, timely treatment, long-term follow-up, and health education [17] .
Limitations and strengths
There are several limitations to this study. First, due to a lack of a sound control population of Syrian children not affected by the civil war (hard to find during a disaster in a devastated country), it is impossible to link any increase of burden with certainty to the war. The study offers a point prevalence in May 2015, preventing measuring a difference with before the conflict. The sampling was done in four governorates only, as other regions were unsafe due to terrorist activities, avoiding generalisation of the results to the whole country. Although this study was thoroughly prepared in advance, with prospectively designed data sheets and welltrained and qualified data collectors, circumstances in the field were complex. The forms were filled out by different healthcare providers, possibly introducing sampling bias. A possible answer bias could be introduced by families fearing repercussions by authorities or rebel groups, when declaring or expressing suffering or discomfort of their children.
The strengths of the study are the considerable number of inclusions, the prospectively designed data registry records, and the extended information on diagnoses of children entangled in a complex humanitarian emergency.
Interpretation
Four years of civil war in Syria led to circumstances with many children being displaced and living in substandard conditions. As in most complex humanitarian emergencies, inadequate shelter, limited access to water, food, and sanitation, together with worsening immunisation state and deficient pediatric healthcare provision contribute to the factors that put Syrian children at risk for malnutrition, communicable diseases, injuries and mental health problems, leading to increased morbidity and mortality [34] .
More than two thirds of the children in Northern Syria suffer from infections, mainly of respiratory, neurological, digestive and dermatological origin. Many of these illnesses are known to be deadly in such a vulnerable population. Additionally, a large number of Syrian children will possibly bear the consequences of lifelong disability, physically as well as mentally, imposing an extra burden on the country's future.
Mitigation is possible by providing crucial interventions: fulfilling the basic needs of this population, timely surveillance and efficient case management, together with mass immunisations and health education [50, 58] . As physicians we also urge to immediately cease attacks on hospitals, schools, and other critical civilian infrastructure, and to respect international humanitarian laws. Urgent coordinated and global action is needed to deal with this complex humanitarian emergency, and to prevent worsening of health threats to this generation of children in Syria, as they are the nation's main asset for the future.
Generalisability
The findings of this study apply to children of the Northern Syrian region stricken by a civil war. Therefore, special caution must be taken in generalising the results of this study. Further research is needed to better assess the problems and needs of the affected populations in complex humanitarian emergencies. 
Supporting information
